INTRODUCTION
Systemic inflammatory response syndrome (SIRS) associated with acute liver injury is common in critically ill patients. [1] Excessive hepatic oxidative stress and increased inflammatory response may result in damage of hepatocytes. Proinfl ammatory cytokines like tumor necrosis factor (TNF)-α and interleukin (IL)-6 are important in the development of multiple organ dysfunction syndrome (MODS) . [2] Protecting cells and tissues from injury while preserving metabolic function would presumably be beneficial to the prevention and treatment of liver injury after sepsis or other injuries. [2, 3] Glutamine (Gln) supplementation is known to decrease oxidative stress and inflammatory response, enhance resistance to infectious pathogens, shorten hospital stay, and decrease medical costs of patients. [4] [5] [6] The extent and duration of Gln depletion are proportional to the severity of patient illness. [7, 8] Gln deficiency at admission to the intensive care unit is thought to be a strong predictor for hospital mortality. [9] Recently, the regulatory potential of Gln for the expression of heat shock proteins (HSPs) has been recognized. [10] HSPs are self-protective proteins that maintain cell homeostasis against protein damage and organ injury, and improve the survival of experimental models of sepsis and critical illness by decreasing neutrophil infiltration and production of cytokines and protecting cells from injury and death. These proteins are induced by a wide variety of stressors and have broad cytoprotective functions. [11] [12] [13] The 70 kDa family of HSP (HSP70), in particular, plays a vital role in cellular protection. Laboratory and clinical data of trials have shown a relationship between Gln-mediated protection and enhanced expression of heat shock protein 70 (HSP70). [14] [15] [16] [17] [18] [19] [20] [21] However, the mechanism of this benefit has not yet been elucidated. Thus the relationship between early parenteral Gln administration and serum HSP-70 expression is not clear in critical patients with acute liver injury (ALI). The present study was undertaken to determine the effect of early parenteral Gln supplement on heat shock protein 70 (HSP-70) expression and clinical outcomes in critical patients with ALI.
METHODS

Patients
The patients included in this study were those who had been admitted to the emergency intensive care unit (EICU) of the hospital from November 2006 to September 2010. Inclusion criteria: age 18-70 years; APACHE II scores ≥15; acute liver injury diagnosed if total bilirubin level was 51 µmol/L with a two-fold increase in level of aspartate aminotransferase (AST) or alanine aminotransferase (ALT). Exclusion criteria: metabolic disease; women in pregnancy and lactation; less than 7 days of hospitalization; confounding diseases including acute viral hepatitis (hepatitis A, B, C virus, cytomegalovirus, herpes simplex virus, and Epstein-Barr virus) and other forms of liver diseases including autoimmune, metabolic liver diseases and biliary obstruction.
A total of 44 patients, 29 male and 15 female, were enrolled in this study. They were randomly divided into the two groups: a conventional treatment group ( control group) and a Gln treatment group ( Gln group). The study was approved by the Institutional Ethics Committee of Nanjing First Hospital and informed consent was obtained from all participants.
Nutrition
The patients of the two groups received iso-nitrogenous and isocaloric nutrition. After the recovery of intestinal function, the patients were given enteral nutrition, Peptisorb, (Nutricia S.R.L. Madrid), and increased dose was dependent on their endurance with daily calories of 25-30 kcal/kg. In the Gln group, patients were given additionally with a venous injection of Gln 0.4 g/kg per day (Ala-Gln, Dipeptiven 20%, Fresenius Kabi Co., Austria) for seven days. Meanwhile the balance between water and electrolyte was regulated, and hyperglycemia and hypoalbuminemia were treated when necessary.
Assay analysis
Venous blood (15 mL) was drawn from each patient at admission and at 7 days after treatment. Five mL blood sample was centrifuged at 1500 r/min for 10 minutes, and the serum was frozen at -80 °C for later HSP-70 measurement. Serum HSP-70 was measured by Enzymelinked Immunosorbent Assay (ELISA) following the manufacturer's instructions (EKS700, Stressgen Victoria BC, Canada, bought from Shenzhen Jingmei Biology Reagent Corporation ). The other 10 mL of blood sample was put in a heparin tube, and Gln was measured by high performance liquid chromatograpy (HPLC). The levels of serum alanine aminotransferase (ALT), aspartate aminotransferase (AST) and total bilirubin (TBiL) were detected by an automatic biochemistry analyser. The concentrations of TNF-α, IL-6 were measured by ELISA. The concentrations of Gln and HSP-70, the rate of T-cell subsets, the duration of mechanical ventilation, and the ICU stay of the two groups were compared before and after the treatment. Meanwhile the correlation between the concentrations of Gln and HSP-70 was analyzed after the treatment.
Weaning criteria
The ventilator used was Evita 2 (Drager, Lübeck, Germany). The weaning from mechanical ventilation was attempted according to the following criteria: mechanical ventilation resolved or at least improved; body temperature below 38.5 °C; hemoglobin level equal to or higher than 80 g/L; and none or a minimal dose of vasoactive or sedative drugs administered; and others including PaO 2 ≥ 60 mmHg, SaO 2 ≥ 90% , FiO 2 ≤0.4, and positive end-expiratory pressure (PEEP) ≤ 5 cmH 2 O. Spontaneous breath test (SBT) was performed by a 2-hour T-piece.
Statistical analysis
Continuous variables were expressed as the median (range) unless mentioned otherwise. The differences between the two groups were tested using the twosided Fisher's exact test for categorical variables and the World J Emerg Med, Vol 2 
RESULTS
General data
There was no significant difference in gender, age, APACHE II score, ALT/AST, TBiL and classification of diseases between the control group and Gln group ( Table 1) .
Changes of Gln level
Before the treatment, no significant difference was seen between the two groups (P=0.739). The level of Gln increased rapidly in the Gln group after the treatment,, and it was signifi cantly different from that before the treatment (P=0.0003). In the control group, there was no signifi cant change in the level of Gln before and after the treatment (P=0.053). A signifi cant difference was observed between the two groups after the treatment (P=0.0001) ( Table 2) .
Changes of HSP70 level
Before the treatment, there was no significant difference between the two groups (P=0.853). After the treatment, the level of HSP70 increased markedly in the Gln group and it was significantly different from that before the treatment (P=0.001). The level of HSP 70 was signifi cantly higher in the Gln group than in the control group after the treatment (P=0.002). In the control group, however, no signifi cant change was seen before and after the treatment (P=0.392) ( Table 2) .
Correlation between Gln and HSP70 levels after the treatment
In the Gln group, the level of HSP70 was positively correlated with the level of glutamine after use of enriched parenteral glutamine (r=0.65, P=0.001) ( Figure  1 ). No obvious relation was seen in the control group after conventional treatment (r=0.15, P=0.505) (Figure 2) .
The levels of AST, ALT, TbiL, TNF-α, and IL-6 before and after the treatment are listed in Table 2 . The differences in AST, ALT, TbiL and TNF-α, IL-6 between the two groups after the treatment were signifi cant (P<0.05).
Changes of T cell subsets before and after the treatment
In the Gln group, there were significant changes in CD3, CD4 and CD4/CD8 after the treatment (P=0.034). But no signifi cant change was found in T cell subsets in the control group. The difference in CD3, CD4 and CD4/ CD8 was significant between the two groups after the treatment (P=0.041) ( Table 2) .
Mechanical ventilation (MV) time and ICU stay
MV time and ICU stay were shorter in the Gln group than in the control group (P=0.012; P=0.023, respectively) ( Table 3 ).
DISCUSSION
A number of studies have shown that parenteral Gln can improve outcomes of critically ill and injured patients. [22, 23] Enhanced expression of HSP-70 can protect proteins from damage, and prevent metabolic dysfunction after injury and cellular injury and death. [23, 24] It is possible that enhanced expression of HSP-70 is an important mechanism of the protective effects of Gln. This finding has been supported by laboratory data indicating that Gln can protect gut epithelial cells against injury. [25] This protection can be lost if HSP-70 expression is inhibited by either quercetin (an inhibitor of HSP-70 expression) or specific antisense inhibition of the HSP-70 gene. [25, 26] According to the correlation between Gln and HSP-70 in this study, Gln supplementation can increase the expression of HSP-70, which potentially down-regulates the inflammatory response in critical patients with liver injury. There was a significant change in AST, ALT, TbiL, TNF-α, and IL-6 between the two groups after the treatment in this study. Thus TNF-α and IL-6 play a major role in sepsis and tissue injury. It has been reported that TNF-α plays an important role in the recruitment of neutrophils to organs in lipopolysaccharide-induced sepsis. [20] Furthermore, in mice lacking functional genes for TNF-α or for the 55kDa TNF receptor, SIRS was attenuated. There is a widespread consensus that the release of TNF-α and IL-6 in cases of early sepsis is the causative factor of inflammatory response, which up-regulates the production of other cytokines. Hence, TNF-α and IL-6 play a central role in the pathologic process of SIRS initiation and organ injury. [27, 28] In this study, we found that the protective effects of Gln on the liver and other organ injury can be explained: the upregulation of HSP70 repaired injured proteins, promoted the degradation following irreparable injury, and attenuated the release of TNF-α and IL-6 in sepsis.
Our study showed that MV time and ICU stay were signifi cantly shorter in the Gln group than in the control group. Eberle et al [29] reported that ARDS and acute liver failure were more common in the severe pneumonia group. Research demonstrated that the acute respiratory distress syndrome (ARDS) was attenuated in the Glnsupplemented animals, and this attenuation of ARDS and mortality was associated with preserved breath muscle strength and reduced tissue damage in the organs. [12, 21] We believe that the administration of parenteral Gln is a good way to shorten the MV time and ICU stay in critical patients with ALI.
Our study revealed that there was a significant difference in the levels of CD3, CD4 and CD4/CD8 between the two groups at 7 days after the treatment. A recent study [30] has suggested that HSP-70 activates the immune system to induce the release of proinfl ammatory cytokines and anti-infl ammatory cytokines. We postulate that HSP-70 may be part of an immunoregulatory response that potentially downregulates the infl ammatory [31] A study [32] demonstrated that the supply of Gln can benefit the functioning of peripheral effector T-cells and promote leukocyte migration or adhesion in mice. Immunological and inflammatory processes are considered to be involved in the etiology and progression of critical diseases, and attention should be paid to the prospective role of high-level circulating lymphocytes and their sub-populations by Gln administration.
Our study showed that Gln enhanced HSP expression without any side-effect in critical patients. However whether this effect is dose and route dependent is not clear. Possibly low Gln levels may lead to inability of the patient to express HSP70. [33] Researchers believe that Gln is potentially 'life-saving' in critical illness, particularly when it is administered at a parenteral dose of over 0.3 g/kg per day. [34] [35] [36] In conclusion, parenteral Gln administration can up-regulate serum HSP-70 concentration, decrease the levels of AST, ALT,TbiL, TNF-α, and IL-6, shorten the length of mechanical ventilation and ICU stay, and improve the ratio of CD4/CD8 in critical patients with acute liver injury. The correlation between Gln and HSP70 found in this study suggests that early parenteral glutamine administration could improve outcomes of critical patients with acute liver injury by increasing the expression of heat shock protein..
Funding: None.
Ethical approval: None.
Confl icts of interest:
The study was approved by the Institutional Ethics Committee of Nanjing First Hospital.
